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Tyler Island

Levee Protection & Habitat Restoration Plan

by
Jeffrey A. Hart, Ph.D., President

Habitat Assessment & Restoration Team, Inc.
1547 33rd Street

Sacramento, CA 95816

Proiect Desodotion and Primary Biolooical/Ecoloaical Obiectives

This project involves the use of biotechnical bank and levee protection and enhancement
methods to fo~.cr an inorea.~= in sLz¢ of shaded riverlne aquatic, in~tz~am h©rbacco~zs covcrl and
tidal perennial aquatic habitats. These features will improve water quality, foster and increase of
macroinvertebrat¢ populations, and improve habitat for priority species, including Delta smelt,
splittail, San Joaquin and east-side aibutaries fail-run chinook salmon, and other anadromous
fishes that use this area for habitat and migration corridors.

Anproach/Tasks/Scheclulo

We propose to in¢ozporat¢ various combinations of organic fabric, plant materials,, and
geotechnicnl substances that will s~rve the dual pro’pose of erosion control and habitat creation.
Some of the methods include the use of ballast buckets, coir biologs, and coir mats. These will be
~nstalMd along various rca¢hes of the North Fork of the Mokelumn¢ River and Georgiana Slough
at TyMr Island. If fundc~L this project would .begin in the fall of 1997.

Justification for Proioct and Fundin~o bv CALFED

This project wiI] dcrnonsu’ate how cos~-effectiv¢ biotechnicaJ mam-ials can reduce erosion
on fragile Delta lev~es and simultaneously provide priority habitat for priority species.

Budget Costs and Third Party_ Imcacts

AntiCipated budg~ costs are presented in Tables I, II, and III. Third party Lmpacts
should b¢ minimal.
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~plicant Qualifications

The project team represents an extremely qualified group of people and organizations,
with considerable experience in restoration implementation, scientific moRitoting, and fisheries
science. They include Jeffrey A. Hart, Ph.D., restoration ecologist; Tyson I-Ioimes, Ph.D.,
research design scientist; Steve Si~nock, P,E., of Kjeldsen, $innock,.and Neudeck; Stephen
Shaner, Ph.D., invertebrate biologist; Dr. Michael McGowan, Ph.D., fisheries biologist;: Gary
Kirflan, farmer and res~omtion.~; and L & F l;arm Labor.

Mon~torina and Data Evaluation

Research level moni~r~ng will t’orm an integral paz~ of the project, using appropriate
¢x-perimcntal design paramer~s, Pare~neters to b¢ mcsoured include plant suawi,val, plant cover,
physical habitat heterogeneity, water quality, and abundance and distribution of fish and
macroinvertebrams associamd with the vazious restored vegetation t~eaunents.

Local Sub,oft/Coordination with other Prod_rams/Comoatibiiity with CALFED

This project is fid~y supported by Reclamation Dbtrict 563. which maintains the l~vees
sur~oundin~ Tyler Island. The Reclamation Disudct visors the proposed methods and t¢chniqu=s
t0 have the folIowJng long mrm benefits: I) alternative, cos~ effective method to stabilize actively
eroding earthen slopes; 2) means of providing additional slope stability in ~¢as of ¢xisdng
revetment.
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Tyler Island

Levee Proration & Habitat Restoration Plan

A. Pro!ect Description and ADDroach

The San Joaquin -Sacramento River Delta is considered to be t~e ecological hub of the
Central Valley. Bank erosion and loss ofriverine habitat is a major concern for the entire Central
Valley river system and is an especially severe problem in the Delta region. While the naZural
processes o~" erosion and deposition are higMy desirable in natural river systems, erosion in the
Delta results in r.he ~revocable loss of riverbank, a response by flood control agencies to ~armor
levee embankments with revetment, and the cumtflative loss of riparian, shaded riverine aquatic,
and high quality irmream habitat.

Tha major goals of this proj~t a~: 1) the use of biot~hnical ba~k and l~vee methods to
protect and enhanc~ rmtural earthen banks and r~veted sites; 2) the creation of desirable shaded
dverine aqtmtic (SRA), instream cover, and tidaJ perennial aquatic habitats of value to many
priority fisl~ Sl~rcics; and 3) a scientific based monitoring and experimental program to document
(a) the r~lative merits of di_fferent biot~clmical approaches compared to existing site conditions,
(b) the contribution of instream livlag cover to by fish and m~cro-invertebrates, and (e)
improvements in water quality.

This project is innovative for its use of soft, biomctmical materials. We propose to
Lucorporam various combinations of organic fabric, plant materials, and geoteclmical substances
that will serve the dual purpose of erosion control and habitat creation. Some of the methods
include.the use of ballast buckets, coir biologs, and coir mats, plant=d with abundant quantities of
the appropriata native spec’~es to provide erosion control and cream habitat favorable for priority
species.

We lmv¢ s~lc~t~d two very diff~rrnt areaa - Gcorgiana Slough and th~ Mokolunm¢ Riv~ -
- for pro~ection and restoration at Tyler Island (Figure 1). The Mokelumne Rives section has
b~en extensively riprapped, and the goal here is enb.ancement and creation of vegetation on the
revetment. All embankm¢_nts and levee slopes on the Mokelumne River chosen for restoration are
non-project levees and banks (Figure 2). Georgiana Sloul?,h consists mostly of natural earthen
banks. The goal for this slough is to provide biotechnical, non-revetment forms of protection and
enhancement (Tigure 2).

Figures 2-8 detail the design concepts, methods of installation, and anticipated:end
product of these el�meats.

8. Location and ~3eogra~hic Boundaries of Pro!oct

Tyler Islmtd is ~t 8,583 acre tract in southern Sacr4rnento County, immediately south of
WaJnut Gro~e. It is bounded on the northeast by Snodgrass ~lough, on the west and southwest
by Georgiana Slough, and on the south and east by the Mokelunme River. The management
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entity is Re�lamation District 563. The principal role of the Reclamation District its levee
maintenance ~o protect farmlands, r~sidences and commercial buildings ftom flooding.

The project area is located ~lo~g the b~ks of Georgiana Slough and the Mokelumne
River. R~clarnation District 553 rrmimains only for the left bank of Georgiana Slough (facing
downs~ream~, of which approximately 2000 f~. has been revered. The Dis~ct manages
miles on th~ d~t bank (facLu~ down~t~e~n) of the Moke|umne 1~’ver, all of ~hich has becm b~¢n
reveted. All restoration and enhancement measu~s will take place on levees under the jurisdiction
of the District.

The priority stressor, to Tyler Island levees and riverbanks that will be addressed are: I)
channel form changes induced by erosion; 2) erosional cumulative loss of riparian, shaded riverine
aquatic, and ~ habitat; and, 3) loss offivvrbanks and levees, which may increase the risk of
catastrophic failure of Delta levees. The ftmding of this pilot project will bridge concerns of local
farmer~ and reclamation districts regarding levee stability, flood control, and environmental
restoration. Expected environmental benefits, in terms of habitat, include the protection and
enhancement of 2000 feet of riparian and instream habitat on Georgiana Slough, and the
enhancement and ¢reatlon 0£ approxinmtely 3000 feet on the Mokelurrme River. The~e prote~ed
sites will serve the dual role of restoring priority habitats -- shaded riverine aquatic, inst~eam
cover, and tidal p~rennial aquatic habitats - thu~ benefiting target priority species including
Delta Smelt, Splittafl, San Joaquin and East-side tributari,s fall-run chinook salmon, andlother
anadromous fishes that u$e this area for habitat and migratory corridors. These projects will also
demon~rate the compatibility of levee protection and habitat enhancement to the agric~tural
community, resource agencies, and environmental interest groups. As demonstration pilot
projects, they will aid in guiding the dev,lopmcm of adaptive maintenance and restoration
projects throughout the D~Ita. Shoe the kind, of ¢ffort~ Mcludcd in this p~oposal represent the
most cost effective and feasible methods for immediate habitat creation and levee protection in
the Delta, these measures should garner political support for Iarger-scale ecosystem restoration
projects. To foster the general educational benefits of this project, periodic public
workday/wortmhops will be held i~ which H.A.R.T., i~�. will invite the public, especially the
local farming comrnurzity, re follow the pro~res~ of this project.

D, Backqround and Bioloo_icaFTechnical Justification

Ongoing bank erosion, poor habitat conditions, and the dual need~ of levee protection and
habitat improvement make this a compelling project. While natural vegetation still remains a!ong
the Georgiana Slough, there has been considerable embankment and riparian habitat loss ovsr the
years. The Mokelurnne River section consists almost entirely of barren fiprap embankment.

L¢v~.-¢, were f’wst constructed in the Delta to drain wetlands for agricultural production.
The functions of these levees expanded over time t~ include flood proration for a~icuioazal lands
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dev©lopment of ~0ecific experimemal and mon.itoring designs; 3) purcl~e of biotechmcal Ifabric
material; 4) survey and assessment of preoprojec~ (baseline) conditions, inclucLing =xisting
vegetation, water quality, fish, and invertebrates; 5) installation of fabric; 6) collection and growth
of native materials; 7) planting; and 8) monitoring. The application for a Reclamation Board
p~rmit will be imtiated at funding (if not before). The installation of the biologs and fabric will be
i~tiated in the fall of 1997 (along with an additional ilmtallarion in 199g). It is anticipat©d that

these materials will capture sediment the first winter, thereby facilitating plant installation the
following spring, summer, and fail. Plants will be collected in the winter of 1997-199g, used as
cuttings, potted in ballast buckets, or potted in standard containers for later planting. Mapping
of restoration sims (by KjeldserL, Sinnock,& Neudeck, Inc.) will be done in the fail of 1997, as will
placement of recession pins (see below). Installation of plants will begin in the early spring of
199g. Fortunamly, many of the species to be used in the planting are locally available and Will be
used as a source in transplanting. Follow-up planting and completion of installation will occur in
year two 0998). Moni~orlng will begin in year two and will be complete in year three. Progress
reports, detailing work completed to date and the financial status, will be submitted quarterly.

F. Monitodn0 and Data Evaluation

Genorally speaking, biot¢chnical m-thods can be cost effective compared to hard
construction techniques. However, they can b~come expensive if considerable lgbor is required.
A goal of the Tyler Island restoration project is to use those techniques that are cost effective.
We will test various approaches, keeping track of and r~portmg the hours requn-cd for particular
kinds of installation. This information will become part of the financial monitoring program. ~

Research level monitoring will form an integral part of the project. Restoration projects
will be laid out as formal experimental designs (with replication} to permit quantitative
comparisons of the effectiveness of the different restoration strategies (treatments) on erosion
~on~col, plant survival and growth, and habitat quality (as measured by fiah and macro-
invertebrate populations). Non-treated (i.e. control) sites will be included within the
experimental designs to permit comparison to a "do-nothing" strategy, Use of proper replication
and experimenta/design wjI1 allow trealment effects to be examined across a variety of sites and
conditions, possibly including: r~ach position (e.g., upper, lower ~nd of Georgiana Sloa~h);
subreach (outside bend, inside bend, straight); orientation m wind (for wave relationship,
long fetch, short fetch); level of ambient wave action with respect to boating (correlated with
boating speed); initial vegetation characteristics (deasity and architecture of vegetation); t~xtu~e
of embankment materials (sandy~clayey); bank slope; and presence of recreatlonal access.

For the �oir biolog treatment.s, volumetric samples will be removed before and aRer
flooding event~ throughout the implementation and study l~riod to monitor sediment entrapment
by the biologs. Before and after photos on revetment site re~carch plots will be taken to compar~
flood impacts on the amount of soil cover across treatments. Erosion/deposition will
monitored on soil-bank sites through the use of recession pins at restoration and control (non-
treated) sites. Rec©ssion pins ar~ long nails or spikes @ins) that are inserted at equal distances
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from each other ha a sWalght line parallel to the bank ~ace and ~tff’~ciently deep into the t~auk ~o
that they ar~ not lo~t during bank failure. ~d~y b~yween each pin and the ~ t~ace, alig~nent
l~ins are secured to assure that the measurements stay along the same line over tune. To
document deposition, washers are placed below the head at the level offlae existing bank sttrface.
The pins will be surveyed at various times off the year (monthly) as well as al~er major
hydrvlogical ~vcnt$ (�,g., ~ ~torms).

indicators to be measured ~o assess r~e success of habitat improvement will incl~le 1)
plant survival; 2) plant cover; 3) physical habitat beterogeneit7 as determined by spatial
heterogeneity in cover types (e.g., rock, soil, vegetation) and the complexit7 of hydraulic flow
parm’ns; 4) abundance and diswibuhon of macro-invertebrates ; 5) water quality monitoring of
temperamreo dissolved oxygen, total dissolved solids, and transparency; and 6~ direct counting~
of fish (u~ing non-lethal seining teca’miques). These measurements will be made periodically in
treaunents and controls in all habitat types.

Tkis [ow-tsch but innovative project has rcceivod tbe approval and support of the lo~al
Reclamation Dis~ct (RD No. 563). It will require very lime regulatory approval The proposed
project would take place on levees under the jurisdiction of P~eclamadon District 56~. For the
Mokelumne River site, all work would occur on a non project lev~. Sinc~ this project involves
only the placement of fabric on the embankment an~ the ins~allagon of plants, it is an~cipared
that a permit would be only necessary from ~e Reclama~on Board as a prerequisite for work to
begin. On Georgiana Slough, the work would be done adjacent to a project levee, but entirely on
the embankment area. A Nationwide Permit, required by the U.S. Army Cor~s of Engineers,
would be required. Approval by the Reclamation Board for notice and approval of levee
maintenance would also be required.

IV. Costs and Schedule to ~m~[e~ent Pro!oct

A. ~._- Table I, II and II] show the es~ima~zd costs oftbe tasks described in
the Scope of Work sec~on. Funding for this projec~ and subsequent mom’~oring are r~lueSted
from CALFED Category for 100 percent of the total cost. However, it is es~na~ed tha~ funding
may also be obtained from Deparunent of Water Resources Del~a Levee Subventions Prod-am, in
which case the amount request from CALFED would be less.

~. ~. H.A.R.T., Inc. anticipates beginning restoration in late fall,
1997. The following schedule is proposed: 1) ol~aining Reclamation Board Permission; 2)
development of specific ex~rirn~nud and monitoring designs; 3) purchase ofbiotechaical fabric
matet~l; 4) survey and assessmen~ of pre-p~jec~ (baseline) conditions, including existing
vegeta~on, ~’a~r quali~’o fish, and invertebrates;
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5) ir~smllation of fabric; 6) collecti.on and growth of native mat�dais; 7) plan~_ng; ~nd 8)
morfimring.

V. ADDlication Qualifications

This project will be delivered by Habitat Assessment & Restoration Team, line.,
(H.A.P,.T., Inc.). , a company that has been established to bring a strong scientific basis to
restoration. Jeffrey A. Hart, Ph.D., will serve as project manager. Jeff has had 30 years
experience in environmental biology, having worked on sever~ continents in the area of forestry,
botany, wildlife biology, genetics, scientific research, arboriculture, and restoration. He graduated
in environmental biology from the University of Montana (1971). and holds graduate degrees
from University of Montana (1974) and Harvard Univ,rsity (1983). He has published in leading
refereed journals, and has taught com’ses, including restoration ecology, at sevb=ral universities. In
t.he Sacramento region, he has had considerable success in designing and implementing restoration
projects (e.g., Stone Lakes National Wildlife Re£uge), blotechnicaI projects (e.g., Dry Creek,
Lower American PAver), and resource studies (e.g., Cosumnes PAver, Lower American
His clients include mostly goveraraent agencies and non-profit organizations such as the
Sacramento Area Flood Control Agency, Sacramento County Water Kesources Division, Ducks
Unlindted, and The Nature Conservancy. Hart has successfully completed restoration contracts
with Ducks Unlimited (contact ~h-n Well at 852-2000), and has made considerable progress with
the CalTrans Beach Lake Mitigation site (ca~ Dave Wyatt at 324-6634).

To assist in the imple.raentation, planning, t¢clmicaJ, and monitoring components, severaJ
key people and business entities will work in cooperation with H.A.R.T., Inc. Th¢~ include:

Gary and Greg Kirtlan (KL~’dan Bros.) will serve as lead job supervisors in directing the
planting and installation crews. GazT Kirtlan (contractors license #603638) has successfully
worked for Hart as foremgn over the last 2 years. L and F Labor Contractors (California Labor
Contractors License #4619) ~ provide the bulk of the human labor to install the plants. These
crews have been responsible for past work ai Stone Lakes and will work under the direction of
Kirdan Bros. and H.A.R.T. employees.

Tyson Holmes, Ph.D., will assist and/or diract many of the aspects of the experimental
design, plant monitoring, sediment-deposition monitoring, and statistical analyses. Tyson
Holmes has served as research-design consuJtant to various terrestrial and aquatic ecosystem
management and restoration projects. His clientele includes public agencies, private non-profits,
consuJting interests, and universities.

Swph.en Shaner, r~ceived his Ph.D. in Biological Ecology in 1991 from the University of
California at Davis, where he studied Crangonid and palaernonid shrimps tn the San Francisco
Bay and delta. He has taught invertebrate zoology and marine biology at several universities, and
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is eur~nfly on ~he Univeralt7 of Calffornis exwusion faculty. Dr. Sh~mer has worked ~t ~
Regional Water Qualit7 Control Board (Region 5) and the State Water Resources Con~l Board,
and for ~he last l 1 year~ has been an environm~nts] consultant for projects in freshwater,
esmarin¢, and marine systems. Dr. Shaner will be responsible for invertebrate monitoring for this
project.

Michael McGowan, Plz.D. is ~ fish~ies ~ologi~t wi~ aca~mic and coos~altiz~ experience
in juvenile salmon migration in the Mokelunme / C~’orgiana Slough area of the Del~a. Mike has
researched and published on fishes, taught limnology at the university level, and established
water quality monitoring programs in the S.F. Bay ar¢~ He is a participant in the [nteragency
Ecological Program’s Esmm’ine Ecology Team and a member of the San Francisco Bay Estuarine
Habitat Goals Fish Focus team.

Steve Sinnock, of Kjeldsen, Sinnock, and Neudeck, will provide sm-v~’Ting and mapping
services.

R.eclamation District 563 has given approval for this project, including atl design
concepts. They will be kept abr~st of all developments, including quarterly r~ports.

VL C~oliar~,.e with standard terms and conditions

The applicant will comply with standard u:rms and conditions, including It©ms 8, and 12
that ~.~ provided in ~e ~P.

I0
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Tyler Island Restoration

.Erosion Control Coupled w~th Habitat Improvement

Above: The embankment/~)ortion of the Mokelumne River consists of ~ 0.7 miles of reveted upper
slor~e, much of which has a. low berm that ~s expo,~)d at low tide. The ptans for the upper, reveted s~pe
include the direct installation of plants into the rock interstices and the use of coir fabric with straw mulch
to aid sedimen~ entrapment. The upper slope of the revetment will be planted witi~ low growingigrami-
holds (e.g., sedge and wildrye), wild rose and other plants that will provide (limited) habitat but importantly
will serve to stem erosion and facilitate sedimentation, thereby enhancing levee stability. A limited :portion
of the base of the revetment slooe is available foe SRA I~lantin~js, and isolated stands o! alder, ash. and
rule are suggestive of habitat ;:~tentfai. To guarantee success ol rule plantings in the tidally inundated,
low berm mudflat environment, a new ;echnique utilizing balla=t bucket= will be used for ;~lar~t establish.
ment (see folrowing description).

Above: Georgiana Slough ~s rather unique in the Delta in the extent of its non-reveted, soft bank.
The restoration goal will De to utilize biotechRical bank protection measures to conserve the existing soft
bank and enhance them by encouraging deposition {and s~multaneously discouraging erosion) thtoug.h
the use of plants and organic fabric materials. The princ~lsal technique for erosion control wili involve van-
OUS combinations of coir fascine, or "biolcgs’, ballast bucl~ets, brush boxes, and brush layering
tecnn~ques. These approaches will both protect levees and ~mDrove habitat values.

Figure 2 Habitat: Assessment & Restoration Team.
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Tyler Island Restoration

Establisr~ing Plants On Revetment:
At- experiment conducted on the Lower American R~ver by Hart & Holmes.

Above: ]’he first step was to direct soil, using a pressurized water hose, into the riprap.

Some of the sites were covered with coir (coconut) fabric, placed in shailow trenches, and
anchored with rocks,

In the plots lacking colt, plants were installed in In plots having coir, the p~ants were installed
the soil between the rock.                    through the fabric.

Figure 3 Fab~tat Assessment & Restoration Team, Inc.
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Tyler I=land Restoration

~.xC, er~mental Procedure E)ltfererlt coml~natior, sol sedge, anr’ua~ grasses. COlt tai3ricj arl~ ~
~nner blar’,~e[ were employed to test Ihe relative effectiveness uf :he £~terent ~rea[mer~ts After more th~ln
3 m~.n.Ps* - ~.f- flooder,g, the following results were o~08erved

Average percent rock cover went from ’20%The control plots, using soil alone: ~- to 84% that is, a 64% Joss of soil cov~r.i

In plots witq annual grasses ~ Average percent rock cover stayed about the
same, approximaely 20%; thus neither er08ton
nor deposition occured

In ploL,; ~n which only 3edge wa.a pl~,nt~. ~._ Average percent rock cover
of about 25% sod cover

Figure 4 Habita~ Assessment & Restoration Team,
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Tyler Island Restoration

TPe addition of co~r fabric :o the expeflmentai design resulted in significant gains ~n deposition

The application of coir+ annual grasses ~ .=lesulted in considerable deposition, with
percent r~k exposed ~ft~er, flooding averaging
9%., an 11% decrease of . 0ok exposed.

The application of coir + an inner Resulted in increased deposition, with per-
blanket + annual grasses + sedge ~ cent rock exposed after flooding being only

1%, e ~ 9% decrease of rock. exposed.

C~nclualon: The greatly diminished h~t~t~t values on riDral3 and s~mi~ar materials have been of
great concern to the environmental community; understandably, successful methods rn vegetating revet-
ment sites would offer considerable opportunity for creating dverine habitat values in the Delta. To date,
successful establishment efforts have been marginal. The resulls of these experiments highlight the
import’ante ¢~f herbaceo~Js pl.-’-3nt~ and land.~,~3~ fabri~ in prc~wding the. amount and quality of rought~88
necessar~ to protect revetment sites from s~our and to encourage sediment deposition, conditions t~c-
essa~Y for successful riverine habitat restoration.

Figure 5 Habitat Assessment: & Restoration Team, Inc.
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Tyler Island Restorlltlon

Sequence of Techniques for Revetment Restoration.

Step 1
Add soil to rock interstices,

Step 2.

Trench the ~erimeters ~or later
ptar~ent of

Step 3.

Seed with annual grasses

Step 4.
Apply straw mulch.

Step S.

Place colt into trenches, begin-
ning at dowr~trearn end, and roll
onto slope to secure onto site,

Step 6.

Pl~ce rock J soil m~b’i~ b~ck onto
top of coir ma~eri-al for and’ledng

Step 7.
Trench new sect}o~ on ypper
slope for securing fabric.

~ Step 8.

New trench Install the appropriate plarlt
C0ir

Figure 6 Habitat Assessment & Restoration Team, l~:.
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Tyler Island Restoration

Ballast Buckets:
A New Technology For Establishing Plant~ in Riprap

15ome plants (A), having tr~eir roots entwining a rock a.qd soil matrix, are able to grow in hydreulk~ally
challenging riverine environments. To mimic these successfully estatalished plants, e new technique
called "ballast Ouckets" has been invented by H.A R.T. This involves the use of a mixture of scoria lava
rock, soil. and olant mater~al in biodegradable, organic buckets.

Ballast buckets can be planted ~n various mixtures cf rock. either in the water or at the water’s edge.
~’he~r ~mt~al weight anchors the plants, thus faolitamg surwval under extreme current flow The roots will
gradually grow oul from the decaying bucket, thus further ancnonng Ihe clant to the substrate These
techniques w~ll be used on both the Mokelumne River and Georg~ana Slough porhons of Tyler Island

Figure 7 Habita~ Assessment & Re~t:oration Team, Inc,
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Tyler Island Restoration

Biologs

The =nsta.llat~on of ~)iologs on Georgiana Slough w~ll a~d bank protection and foster ball,tat creation.

Biologs are roils or "logs" of coconut fibre m~.teriaJ, fastened ~o embankments for protection
against eroeion. A. The rolla are placed in soil trenches Tetpered strikes are piaceO on oppoeite sid~
of tl~e rolls ant partially’ ddven into the soil at approxmately 3-4 foot centers. Twine is attached to the
ends of the stakes, and then the entire stake and twine system is driven into the soil, thereby secudng the
roll into the soil B. Note that several rolls can be used together.

C Plants can be planted directly into the rolls. D Bio=ogs attract cons=deral~e deposition. Aft~
one flooding season "~hey can become enlirely filled with sediment, theret~y crea~r’~j ~dea= conditions for
plant growth.

Figure 8 Habit:at Assessment & Rest:oration Team, It~.
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Materl~s & In~elMitlon

item Nun’d~r Unil Price

IS~lt~=l; Buckets 3000 ~25.00

Ins~lling ballast burets 3000 "$10.00 30,000

Coir bl~nke~ ~ted~l~ ~nd in~le~on (6.$ ~. X 2000 ~. ~.~ ~y + 12,000
3,0~ h, long) shipping

Purchase of pl~t mltedal 15,000 1.35 20,250
plants

S~w: 2~ ~les 2,75 ~r b~ 550.00

T~Is 2,000

F~eman =upe~=~ 30,000

Main~n~, Year= 2 and 3 years

Weeding, watehng, replanting, i~ludlng Fore~n 30,000
S~wlsl~ ~d wo~ crews

Subtotal $232,300



Stem Nun~er Unit P~ce Co~

COW rolle (bioJ~8), sve~ of 3 roll~ 8,000 ft. S8.OO/line~ f~ot 36,000

Stakss ~o ~" haft stakes (~ered) eve~ 4 ~. 4,000 2.37 ~er 8’ 3,168.69

Stakes - lair 4.000 Cuffing & in.lied 12,000

St~ng and other mate~ais ’ 1,500.00

Installing b~l~s 6,~0 ft. 3.~ linear ft. 18,000

Planing ~1010~ (1 ~. ~nters, ~spl~ng) $18,000 $5.00 90,000

Other plsnUng= (~) 2000 ~ 1.35 2,700;

~llow Cuffing~msh miffing 10,000 $1.00 / cuffing 10,000

Ball~t bucke~ ~ 500 ~35/bucket 17,500

Tran~a~ of mated=la 7,500!

Wo~oat for tr~ns~on ~es & m~nten~n~ 10,000

Ki~la~ Supewlslon 30,000

Meinte~nce, Years 2 an~ 3 y~rs

Weeding, wamdng, rept~ting, including Foreman Supe~ision and wo~ crews 20,000

S~Tot~ $258,368.69
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~i8 & Install=lion

Personel Ta~,s Cost

Jeffrey A. Har~ & Staff Management’Field Supervision $30,000

Coordinete Sclsntif~ Monitoring 30,000

F~ ~i~ce 15,000

Quatedy Repo~ wrying 20,000

~ M~g~en£A~un~ 20,000

T~ H~ Rese~D~lgn Scientist 2 O, 000

~eve ~et InveRebrste MonRoring 30,000

M~el M~ F~h Monitoring 30,0 O0

Kjeldsen, S~I~ & Aerial photo.meW; to~c m~ping,          ~2,000
Ne~, Inc. suweying

Subtotal 247,000

Subtot~ from T~s I $232,300

Subtotal from T~les ~l 258,368.69

Dir~t ~st S~t~tal 737,668.69~

~e~ead and P~ofit 20% {H.A.R.T., inc.) 147,533.6~

~ $885,2~2.2g ~~
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